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FOREWORD

This report contains the observations of the Pfoject
Mercury Tracking and Ground Instrumentation System (TAGIS)
made during the (F-2)-day network drill and the (F-0)-day

launch and orbit of the Mercury-Atlas 4 (MA-M). Primary

emphasis is placed on observations made on (F-0)-day,

September 13. 961, when the Range tracked the MA-4 capsule.

The conclusions:and recommendations made by the observers,
who were stationed at nine of the TAGIS sites and the iDN and
thg HON Communication Centers, are also summarlzed. ‘Obseryers
at seven of'these locations were there on othef assignments;'
but acted as observers on the (F-2) and (F-0)-day. Recommendations
for future observer procedures are also included. The majcr -
observations and resﬁlting recommendations were discussed
with Messrs., N. Heiler and P. Vavra of NASA and the Network
Control Group at Goddard Space Flight Center on Séptember 19,
1961.

The first observations of the performance of the
TAGIS equipment when working with the Merdury capsule were
obtained by the MA-4 mission. The report also includes &
summary of the observations of the performance of the cc
cation facllities which will be expanded in a report to be
issued under NASA Contract NAS5-1434, '
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I. INTRODUCTION

On September 11 and 13, 1961, perscnnel from Bell
Telephone Laboratories, Sandla Corporation, and Western
Electric Company were statloned, as obsérvers, at the LDN
and HON Communication Centers and the following Mercury Range
Sites: MCC, GSFC, BDA, ATS, CYI, MUC, GYM, TEX. NASA also
provided an observer at WOM. The observers recorded data
and submltted reports on the performance as noted at the
sites during the (ﬁ—”)—day network drill and the (F-0)-launch
day of the Mercury-Atlas 4 (MA-4) one-orbit mission of an
unmanned capsule.

On launch da&, the Mercury Tracking and Ground
Instrumentation Range was subJected to its first test with a
Mercury capsule. Although the MA-4 mission was a one-orbit
mission, all the Mercury network sites exceﬁt HAW were in
contact with the space vehicle at some time. Consequently,
the performance of (1) the equipment at the sites, (2) the

teletype and volce communicatlons and (3) the computer pro-

grams as well as (4) the operating procedures, was demonstrated.

In thié report, the method of observation, the con-
clusions reached, and consequent recommendations are given.
Since this was the first opportunity fcr the network to per-
form with an orﬁiting capsule, information concerning actual

equipment performance 1s emphasized,

1-1
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An observer from the Sandia Corporation-was

statloned at Bermuda to monitor the performance of the telie-

metry equipment.

Date
9/11°

. 9/13

His report is summarized in Appendix A.

The schedule of the network activites, that were

observed, 1s as follows:

Time

06300-143:00 GMT

T-0=12:00 GMT -

06:00-16:00 GMT
T-0=14:04 GMT

Test No.

NCG-444BB

NCG-~444

Simulated mission from
T-6 hours through one

orbit for (F-0) day.

T-6 hours through one
orbit.

o
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IT. PURPOSE OF OBSERVATIONS

The objectives of the observations made during the
MA-U4 (F-2)-day network drill and launch (F-0)-day, were to
determine: (1) The performance of the range site equipment
in tracking a Mercury capsule, (2) the adequacy of the M&0
operatizg procedures, (3) the adequacy of the communlcations
facilities provided for the Mercury Range. This was the first
time that the Mercury capsule was tracked by the TAGIS sites,
so that data could be obtained on the performance of the ac-
quisition, radars, telemetry, command, capsule volce communi-
cations and computers whep operating with the Mercury capsule
in orbit.

The primary test objectives of the MA-4 mission,
with regard to the Mercury Network, as glven 1n OR-1905,
Sectlon C, were: h

(1) Demonstrate the proper operation of the ground
command control equlpment.

(2) Evaluate the performance of the equipment and the
operaticnal procedures used in establishing the
launch trajectory and booster cutoff condltlons
and in predicting landing polnts.

(3) Evaluate the ground commﬁhications network and

.procédures.

(4) Evaluate the performance of the Network .acquisition

alds, the radar tracking system and the assoclated

operatlonal procedures,
2-1
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(5) Evaluate the telemetry receiving syst.m performance
and the telemetry displays.

A secondary objective was to "evaluate and develop
Mercury network countdown and operational procedures!.

To determine how well the objectives were met, NASA
will analyze all site records, as well as records on-board
the capsule. The results given in thils report represent only
the data that were made avallable to the observers through
thelr own observations when on sifte and from the several de-

briefings that were held after the mission,
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ITII. METHO. OF OBSERVATION

Observers were stationed at the sites in accordsnce
with the assignments given in Appendix B. Throughout the
scheduled network activity, these ohservers monitoréd'the
equipment and operator performance. These activites started
«v 06:00 GMT, six hours before the scheduled lift-off and
continued through one orbit. The specific networ activities
were 1n accordance with the MA-4 Network Countdown issued by
GSFC, dated July 25, 1961.

At the conclusion of the (F-2)-day network drill
and of the MA-4 mission, each observer transmitted to the
Mercury Control Center an<observer!s TTY report (described in
Apperidix C) which contained: (1) The duration of important
time intervals of site operations, such as the period of
"solid" telemetry, (2) the time required to complete the
Brief Svstems Tests, contaired in the count, (3) the time
of tpansmission of Summary, Contact and Status messages, and
(4) a brief evaluiztion of the exercise, including a notation
of diff£culties and suggestions for changes.

The observers also prepared reports summarizing the
TTY mission traffic received at each site from T-0 on (F-2)-day
and from T-4:15 on -aunch day to the end of the drill or
mission. These reports, which were sent to Bell Telephone
Laboratories for andlysis, included a listing for each circuit

of the times that all messages were recelved by the site., It
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also contained notations of the garbled messages, retrans-
missions. cprrections, and missing messageé. The: TTY mesrcage
summary report form is inclyded as Appendix F,.
In addition 0 those reports, a debriefing of the

observers was held at Bell Telephone lLaboratories on
" September 18, 1961, at which the observations made at sites
were reviewed. The composite observations and pertinent recom-
mégdat;oqs_yere presented oraily to the NASA Network Control '
Gfdﬁﬁ.éﬁd ﬁé%srs. N. Heller and P. Vavra of\NASA at the Goddard
Space Flight Center'qh September '19, 1961. fhe daté:obtained
were angiyzed further and the results pbtained are rgflected

in this repcrt. These resﬁlts coﬁfirmed the earlier

=.” conclusions.

i_ : _ _ 33"
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IV. CONCLUSIONS

The performance of the Mercury Range satisfied the
needs of the Mercury task very adequately durinrg the success-
ful MA-4 mission, and the Network tests objectives were met.
The problems listed under Network Cbservations can and, un--

doubtedly, will be eliminated. Many Will disappear with in-

-creased experience of the operating teams and, in some cases,

through improved procedures.

- The range cad accuracy of the radars, when properly
operated were appropriate to the needs of the Mercury mis-
sion. The accurate determination of the orbit and the impact
prediction point byzthe GSFC computers, using the radar data
from the sites, substantiates this.conclusion. .However, only
two of the six C-band radars and four of the seven S-band
radars, that were in range of the capsule, provided any sub-
stantialrrqdar data. This difficuléy is ascribed to radar
oﬁeraton perfofménoe aﬁd pyocedures. Further radaf operator
training 15 procedures is'definitely necessary; It is ap~
parent tﬁ;t the role of each human operator 1ls primary.

' fhe GSFC computers operated very satisfactorily

and the locatlon of the rapsule was known at all times. The

Impact Point; determined by the GSFC computer, was about -

1 mile from‘the poilnt where the recovery ship recovered ‘the ‘eap--
sule. This also implies that the location of the sites,

whose radar data'maggused, is known quite accurately.

41



The range performance of the Acquisition Aid was
good with all sites (except HAW, which was out of range)
trackling the capsulie, generally from horizon to horizon.

The acquisition bus procedures, as noted under radar, re-
quire investigatlon and improvement.

The telemetry gubsystem operation was very satis-
factory. Very strong signals were reported and telemetered
data wenegenerally received from horilzon to horizon. There
was good agﬂeement among sltes as to:the values of telemetered
quantities.

The performance.of the .air-to-ground voice subsystem,

on both HF and UHF, was excellent during the period when the

capsule was fransmitting. The capsule stopped transmitting

" between WOM and CIN because of a fallure of the on-board

tape playback transmitting system.

:Alphough the retro-rockets were fired by the cap-~
sule c;ock, the Commapd dubsystem was reported to have
opefated well-in tests conductéd during'the re-entry whenever
the rénge'to-the'éapsule waé less than_abcut 400 miles.

: CThe-timing subsystem Eperation wag reported as
bYeing satisfactory at all obsefved sites{ except for a minor
probiem of timing marks nét appearing at the radar plothoard
at Bermuda. ' | .

The Teletype system performed well during the MA-4

:mission, including the automatic. rebroadcast TTY equipment

(8332) at GSFC. ~ The voice circults were good with the

42 P

e



N,

N

e
N

exceptlion of the low volce level reported from the Woomera
site. The high speed data cilrcuits bétween CNV and GS?C were
quite adequate throughout tiie mission.

Reports on the performance of the M&0 teams a%f all
sites were generally favorable with the exception of the
difficulties with the radar teams noted above. It was ap-

parent that at the radar sites (CYI and MUC) where RAZEL

simulation equipment had been used extensively, the radar

performance was notably better than the cther sites where
this equipment was not used or was not available.

In generél, the TAGIS personnel and equipment
passed the MA-4 test with high grades. Since the.grades

were not 100%, the next section contains recommendations,

for improving the performance of the Range, tha‘t were -

prompted by the observations made during the teats.
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V. RECOMMENDATIONS

In this section a brief statement of each recom-
mendation is given. At the end of each statement, a number
is given corfesponding to the paragraph number in the report
in which the observaflon supporting the recommendatlion is
described.

The redbmmépdations are divided by subject matter
into (A) Equipment, (B) Procedures, (C) Personnel and Train-
ing and (D) Observation Procedures.

A. Equlpment -

1. Computer Program

a. The Bermuda and GSFC computers should be:p;o~
grammed for better utilization of the VERLORT and FPS-16
radar @ata regapdless of which radar is.fhe best performer
during the mission. (VI-A-1-b).

b. The intermittent display of ECTRC and assoclated
recovery'area at BDA should be corrected. (VI-A-1-b).

2. Command '
a. The adequacy-of the on-~glte spare pafts for the

command system should be reviewed. {VI-A-2).

3. .Acquisition )
. a. B test should be made of the Electrospan 1link
at Bermuda %o loéate.the aguse of its erratic operation.

The Town Hill-Cooper's Island céb;e should be checked for

5-1
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crosstalk to determine if this may be the cause for the
errors.reported on the acquisition bus. A realignment and
retest cf the entire acguisition bus system should be made.

(VI-a-3-c).

b. Providé a modification kit to all VERLORT sites

to remove the pvoblem of the line amplifier being loaded
down and causing the remote synchro recelver to act as a
source. (VI-A-3-f).
: ¢. Provide a modification kit to eliminate the - --
recurrent feedfﬁoint breakagé problem of the helices of
.the AR and R antennas. (VI-A-3~b).> -

4, Timing Subsystem

The réliability of the timing marks on the radar
ploéboard at BDA should bg improved. These mafks were re-~
ported "lost" cnce during the simulation exercises and also

on mission day.. (VI-A-5).

5. Telemetry Subsystem
_. Investigate the telemetry records and determine
_the cause éf‘the discrepancy with other sites of the "cap-
. sule clock" readings at I0S and ATS and the " puel quantity"
reading at ATS. (VI-A-6-b). o
6. ﬁadar Subsysteﬁ -

. &. Consider the réplacemenf of the MPQ-31L S-band
radar at ‘EGL with an existing MPS-19 radar. (VI-A-T-a).
b. Investigate the reliability of the pump klystron
for the VERLORT parametric preamplifier at BDA and supply
-additlional spares if deemed necessary. (VI—A-?-b)

- 5_2
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¢. Investigate the faillure at EGL of the "valid"
bit to change to "invalid" in the radar data messages when
automatlc range tracking was lost. (Appendix E).

d. Re-examine the loglec, and assoclated logic cir~
cuits, for inserting the ﬁvalid bit" in the radar data mes-
sages. (VI-A-1-b).

e. Develop a modificaﬁion for VERLORT radars to
indicate proper choice of range interval. {Appendix D).

B. Procedures~

1. Communications

a. Test the Goddard Conference (FP #1) voice levels
at least weekly; expand this test to include measurements
of the over~all volce loop from the console at one site to
the console at the others. (VI-B-1-a).

b, Improve the procedures for volce clrcult trouble
reporting between GSFC and WASH 1. (VI-B-1-b).

c. Provide the GSFC Communication Director with
a report on the status of critical coverage of communicatlon
facilities at T-6:00 on (F-2)-day and (F-0)-cay. (VI-B-l-c).

2. Acqg;éition Ald and Telemetry

&, Change mission aocumentation conerning telemetry

signal strength recordings to reflect the MA-4 experience.

(VI-B-2-a).
b. Establish the procedure that the Acquisitlion Ald
operator track manually 1n-elevat19n at elevation angles below

10 dégrees. (VI-V-2-c).

5-3



c. Instruct sites to monltor and adjust levels of
the telemetry tape recorders more frequently, (Appendix A).
d. Determine empirically whether the telemetry de-

commutator shuould be operated with or without the Zerc and

e

Galn correction servos by using the telemetry tap. recorded
at BDA during the MA-4 re~entry. (Appendix A). '

e, Provide all sites with information for annotating
the telemetry pen recorders as required in the MA-4 Data
Acquisition Plan. (Appendix A). = : {;}

- -,

3, Radar
oo a. Provide more detailed radar handover procedures
to the sites involved. (VI-B-3-a and VI-B-3-f).
b. Require the WOM FPS-16 radar to participate in
,seme, i noﬁ ali, network drills preceding a mlssion.
(Vi-B-3-a).
c. Collect radar teletype (28 RO) print-out at
sltes after each mission-for pest~mission analysis. ) Co
(Vi-B-3-b and Appendix D). |
- d. Standardize the procedure for adjusting radar
-serve amplifier gain. Perform this adjustment in the pre-
and post-nission calibration. (VI-B-3-c). s
. Review procedures for measuring the mid-frequency ;;’ '.iz).
of the radar for Interrogating the capsule beacon. Consider //f | h
:the eltmination'of this frequency from SUM messages if re- ) :
quired meesuremenf time is too long. (VI-Bm=3-d and ﬁi-B;fie). ,
b, Dooumentation ‘ _ /"/
A. Distribute additional copies ef DSTiu and B3T's
_to sites as soon as possible. (VI-Buk-a).

54 .
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5. Reports
a. Include in the Mercury Operatlons Directive,

61-1, a sectlon entitled Reports, that describes the reports
required from the sites during "down mission", "up mission”
and "post mission" periods. (VI-B-5).
6. Countdown
a., Consider the following changes in the Mercury-
Atlas Network Count:

(1) Provide two 30-minute CADFISS - option
perlioés starting at T-2:10 and T-0:50. High speed checks,
Roll Call reruns or Data Flow tests (following extensive
holds) would be run during these periods at the discretion
of the Network Status Monitor. (VIII).

(2) Delete the requirement for a second BST-108
(Te;etybe) because the teletype equipment performance is
beling moﬁitorea :ﬂntinuously;

(3) Include slew checks (abbreviated series 90
teste) in the CADFISS Roll Call 1° feasible. (vIIz-c).

C. Personnel and Tralning

l. Personnel
a. Establish a "cutoff date! for site personnel
changes of approximately three ﬁeeks brior to a mission
lauqch dates A knowledgeable operétor should bé able to
acﬁieve acceptable proficiency on his asslgned equipment
and learn Mercury proqedureé in this time. (VI-C-1).

- 5=5
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’ b, Provide assistance to the M&0 Supervisor to re-~

lieve him of certaln administrative tasks so that he can de~

/ vote more time to operational ard training duties. (VI-C-2).

2, Training

a. Provide VATS simulation equipment at all sltes
to permit realistic simulation training of acquisition, A/G
radio; and telemetry personnel,

b. Provide RAZEL equipment for training of radar
crews at all sites with S~-band radars, Develop and provide
a RAZEL-type equipment for the FPS-~16 radars. The markedly
better pérfénmance of the radar teams at CYI and MUC can be
ascrived, in part, to the realistic simulation obtained by
using the RAZEL equipment. (Vi-B-3-a).

¢+ Schedule slte and network drills on a perlodic

'basis, between missions, to malntain perscnnel proficlency.

To provide realism, require the use of VATS and RAZEL simu-
lation equipment during such drills and, in the case of net-
work drills, provide sites wlth simulation plans for setting
up the VATS and RAZEL equipment.'

. 4. Provide the sites with final instruction manuals,
DST's and BST's for the VATS and RAZEL equipment.

e. Continue o use the Mercury Test Alrecraft for

periodic site training as well as dynamic testing, (VI-C-3).

€. Establish formal procedures for evaluating site

-equipment and M&0 personnel performance dufing network drills

and live'miésions. Provide sites with evaluaticn reports to

permit corrective action if required.

5-6



D, Observation Procedures

1. It is recommended that the NASA group charged with
supervision of the Mercury Range deploy olservers to sltes
for future Mercury missions. Observation procedures simi-
lar to th.se empicyed in the MA-4 mission still appear ap-
propriate.

2. The cbservation pericd shulld coinelde wit.. the
Flight Contreller site activities. The time spent on site
prior to the launch day produces valuable recommendations
that can improve the present and fubure missions,

3. The followlng additlonal fuzsllities are recommended
at MCC %o facillitate performance monitoring:

a. Locate two c¢ munlcation monitor positions be~
neath the viewing area of the Operations Room. One position
would be responslble for monitoring the local site loops
and the other position would be responsible for monitoring
the network loops.

b, Provide a multi-channel tape recorder for the
communicaticn monltors; four channels would be used to record
(1) asc, (2) FP #3 and (3) FP #5 loops and (4) observer's
somments for analysis after the mﬁssion.

-4, To increase the usefulness of the observatlons, the
equipment performance recordings, obtalned from each site,
should be made avallable to be anaiyzed by “he NASA Range
group. In this way, the kind of analysis given in Appendix D
‘can be performed 4o indicate how the several systems at a
site were operating.

5-7
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5. The Date~-Time-Group conventlon for the teletype mes-~-

. psages used during the MA-4 mission should be continued. The

start~of-message Date-Time-Group indicates the time of mes-
sage delivery to the communication center and the end-of-
méssage time group indicates the time when the teletype

6perator completed punching the message‘tape.
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A. Equipment Observaticus ' .

Bermuda VERLORT 1a the on-line computers (A and B). These
_ data were used successfully in the éff~1iﬁe computer-(c) in

'“-the "short .arc" computdtion and would have been used in re-~

VI. NETWORK OBSERVATIONS

In this éection, the observations made during the
(F-2)-day network drill ard the (F-0)-day MA-4 launch of
Septe@ber il'and 13, 1961 are summarized. They are categorized
as (A). Equipment, (B) Procedures; and (C) Personnel and
Training; The obseryaﬁiqns of the performance of the teletype
system, CADFISS tests and telemetry system are given in

Sections VII, VIII and Appendix A, respectively. - ' : %

;1. Computer
a. Goddard Computers - ‘
The GSF¢ computers operated properly throughout the ;
NQG-M&Q mission and the location of the capsulé was known at
all times, .

As programmed, no use was made of data from the

stafting the on-liné computers if no radar dafaﬂhad been - i

received from CYI. The Impact Point determined by the GSIFC -
computer (32° 11' N, 61° 52! W) was about 1 mile fromthe point

SR P T Tre

where the USS Decatur picked_up the space_#ehicle'(32° 11' N,
61° 53' W) ab determined by the ship's LORAN-equipment.
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b. Bermuda Computer

The computer at BDA was late 1in providing its GO-

- NO GO decision in the NCG-444 mission. This was due, in part,

to the lateness of the FPS-16 radar in cbtaining valild track
(T'+ 5:31) as well as the receipt by the computer of some

. erroneous -VERLORT data which were still marked as "valid".

The errors in Gata resulted bécause the VERLORT was not in
automatic elevationat thls time. In addition, some computed
quantities (ECTRC and the assoclated recovery area) were only

displayéd momentarily. These were suspected to be the result

of é program probler. Cne observer reportéd that duriﬁg simu~

lated missions the FPS-16 was considered the prime computer

control. Since the FPS-16 data were sent during the first

' missioq-ﬁass; effective use was therefore not made of the long

L period of VERLORT valid tracking. Slnce the computer did not

feceive rédar data during re-entry, 1t did not compute the
final Impact Point.

2. Command Subsystem

a. Since the_re@ro-rockétS'were fired by the capsule
cloek in thé MA-%'missionz éhe'information:on the performance
of the'comménd_s&étem must be obtained ffom the records that
were made in the space vehlcle, éﬁd the‘fécords at the siﬁes

that sent commands, pamely d¥My MCC and BDA. The results of .

_the;@etailed analysis of these records.aré not known by the

obéervers, aithough the command- equipment was reported WBﬁking-

- and CNV reported that their ground records indicated that the

appropriate commands were transmitted.

6-2.
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t. At Guaymas, prior to the (F-2)-day network drill,
a command transmitter had a DC breakdown in the final RF stage,
because of a shorted capacitor. As no replacement part ﬁas

available at the site, emergency repairs were made; a replace-

o

ment part was flown from CNV to Tucscn for plckup by the site
personnel, The new capacltor assembly was installed and checked
out at T-16 hours of (F-0)-day.

3. Acquisition Subsystem

P
~ v

" a. The performance of the Bequisition Aid 1s described
by noting that all sites fecegved telemetry from the space
vehicle (except HAW which was out of ranée); even CAL (which
is the next most remote site from the trajectory) had tele-
me try con%act for 4.2 minutes. As expected, the Acquisition
Ala éutomatic tracking at low elevationEanéles was rough 1in
.elevation-but tfacking was generally from horizon to horizon.

b. At BDA, the Acquisition Alds at Town Hill and

- " Cooper's Island performed éatisfactorily as far as signal.
'éensitivity was concerned., It should be noted that a parallax
problem will exist 1f the Town H1ll Acquisitlon Ald 1s used
as the source of poiﬁting data during a pass to the South of

{f) BDA such as occurs during re-entry. . ' .

B The Cooper's Island Acquisition A1d developed a
loose gntenna feedpoint during the first pass-leading to a |
series of-radar_écquisition pfobléms but this condition was

{“3 corrected by 15:35 GMT for use during re-entry. It was stated

~ by the observers,'that except for-éhe antenna feedpoint problem,

the_Aéquisition Aid’eripment and personnel Pe;formed in an

acceptable manner during the MA-4 mission.

-
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c. Despite the satisfactory performance of the BDA

Acquisition Ald and Telemetry subsystems, late acquisition of

"the #ehicle by the radars occurred at Bermuda. Thus, although

TIM was solid at BDA at T + 3:04%, the first valid radar track
(FPS~16) was not until T + 5:32. Moreover, although the

-Bermuda Acquisition Aid and the VERLORT radar were tracklng,
" the FPS-16 did not reacquire the capsule after it lost track
at T + 6:08 even though the Acquisition Aid continued to track
‘ until T % 10:22 and the VERLORT tracked unfil T + 10:14, It -

appears that the Acquisition Data subsystem and bus equipment

'\end procedures require examination. The Electrospan link

froq;Towp Hill to Cooper‘é Island continues to be erratic in
operatien. It was the -observer's opinlon that erosstalk may
be creating this disturbance. -

d. At IOS, it was reported ihat the coaxial fittings

on the Acquisitlion Aid antenna hybrids (UHR 5-7) were corroded.

This was possibly because the modification for sealing these
connectors against molsture was not added until six monﬁhs

after installation, A temporary repair was_completed by

_mission time and ﬁew hybrids were ordered.

‘e, The observer at GYM reported that the Acquisition

‘Aid and Telemetry acquired and locked on without problems, -

At 10:17 GMP on mission day, the "R" antenna pedestal was re-

ported as not following the servos, The trouable, located upon

*Time- after Iift-off is gilven in minutes and seconds.
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examination of the anfenna, was that a limit switch had
failed causing the antenna to go through the mechanical
stops and pulling the cables from thelr terminals. The
operator could have prevented thls problem by knowling the
extent of the cable wrap and 1imit swltches and observing
his dials. The RF and synchro cables were repaired and re-
placed in time to participate in the mission.

f. The VERLORT radar at the Canary Islands lost
signals at an outgoing range of about 215 nautical miles.
At thls time, reacquisition was dtempted by slaving to the
acquisition bus whereupon.the reder slewed to an azimuth posi-
tion approximately 180° from.£he.bus Information.

The following sequence of events is believed to
have caused this behavior. Initially, the Acquisition Aid
supplied the acquisition bus with pointing information which
was used by the VERLORT radar and the remote synchro azimuth
dial in the VERLORT van. When the VERLORT starfed tracking

“at approximately 745 nautical miles, the VERLORT was swltched

froﬁ-the'acquisition bus and the input to the remote dial in
the radar van was diéconnected. During this perlod, the -
VERLORT tracked.ﬁhnough an gzimuth gnéle of approximately 160°.
Wheﬁ the VERLORT lost track,:the Acquisition Aid was designated

as bus spurée'and %he VERLORT was slaved to the bus; the remote

dial at this time was approximatglyhl75° from the true bus
information. The line amplifier was loaded down by- this remote

dial (synchro receiver)_and_the recelver acted as a source and
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positioned the VERLORT radar approximately 180° from the true
bus position, Thils problem 1s Lelileved to exist at sll
VERLORT locafions. Following the mission, the CYI personnel
confirmed this speculation and suggeéted changes to eliminate
the trouble.

4., Capsule Volce Subsystem

a. The performance of the air-to-ground voice sub-
system on both HF and UHF was excellent until the capsule
stopped transmission after Woomera. At all times, in this

interval, the capsuie was belng heard by at least one site

 (cf. Figure 6-3). It should be noted that the MA-4 mission

was the first time that the HF volce was recelved satisfactorily -

from a Mercury spacecraft since no HF had been heard from
the prior Redstone capsules.

5. ® Timing Subsystem

The network timing $ubsystems operated well during

_ the misslons with the follcwing exceptions:

a. At BDA the timing marks on the radar plotboards
and on one channel of a telemetry Sanborn recorder were lost
shortly‘before launch, resglting in a brief hold. This hold
waé called because it was lndlcated tha% there would be no'
timing information .on the radar data sent to GSFC. BDA
quickly confirmed. that the radar teletype timing data were
satisfactory and the count was resumed,. The radar plot
timiné méfks were not nestored during the mission but sultable

manual annotation was made on the VERLORT fadar plotboard.

-

66

¢
A




T
s

b. The AMR countdown clock at MCC developed an
errcr of 1 minute at lift-off.

6. Telemetry Subsystem

a. The performance of the teléﬁétry subsystem was
very satisfactory. Very—strong s8ignals were reported, for
example, 600 microvolts maximum at BDA, and the horizon
was the only limitation to réceiving telemetry at most sites.
Telémetry was beilng received from the spacecraft for all tut

25 minutes, of 1ts 90 minute flight, of which 3 minutes was

‘caused by blackout during re-entry (cf, Figure 6-1), The

ma Jor portion ofrthis gap 1ln coverage occurred between
WOM and CTNT(Y minutes) and between (TN and CAL (9 minutes)
since the spacecraft was well below the horizon of these
sltes for these perlods.
b. All telemetered qﬁantities appeared to have.been>
received correétly ﬁith two exceptions:
(1) The I0S and ATS "capsule clock" readings

differed from those of other sites by 1 second.

(2) A "fuel quantity" reading &t ATS was approxl- .-

mately 5 per cent. higher than from other sltes.’ _ -
¢c. Flgure 6<1'1ndicate§ telemetry coverage during the

MA-4 mission. The data were obtained from the observer _

reports except that, for sites without oﬁservers, the infor-

mation was taken from the "PLIM" messages. .



7. Radar Subsystem

The radar nubsystem experienced the most difficulty
during the MA-4 mission. Specifically, the recovd, by site,
of valid track-is sﬁbwn on Figure 6-2, The plotteq data
were obtalred from the observer feports except at siltes
where thire were no cbservers and the "PLIM" message data
were used.

) a., The only radar that was not operating at 1ift-off
on-(F-O)—day was the MPQ-31 at EQL -walch had a derective
transmitter. | A .

b. ‘The BDA VERLORT radar parametric preamplifier was

not wbrking g0 the standard configuration of the VERLORT was

. ‘used, The pump kilystron and the spare klystron for this

equipment had falled.

e, -ﬁt GYM, ?he radar recelver had a tube fallure,
during the_countdown-for (F-2)-day netWOrk_drilig which
shorted out some reslstors. These were replaced—and the
receiver was back in operation in'bime for the simulated
launch, ) | _ i

d., The difflculty of determining,’aften a2 mlsslon,

the actual radar performaqge during.the'mission suggests

_that .a methad be found in which the sequence of radar events

are recorded, It i proposed that the 5th charscter of the

~.

radar teletype 28 RO, now being used only to denote validity

-of data, also be used to in@icaté‘“manual“ or "automatic”

~

mode, and "acquisition bus” mode in sider th&t-the radar iape

~.
—.
~—.
—

provide the desired record. ~—_
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e. Because only minor radar equipment problems
were reported Iln compieting the Detalled and Brilef Systems
Tests, the more probable reasons for the poor performance
of the radar =.otsystem at several sltes are operator pro-
cedures and =xperience as discussed in Section VI-B,

8. Grounu Communications Subsystem

a. Teletype Equipment
The performance of the teletype equipment at the

observed sites was excellent during the MA-4 mission, (F-0)-

- day; there were ho equipment troubles reported.

During the (F-2)-day network drill there were two
minor equipment troubles at MCC. The 28 RO Teletype machilne
behin@'the trehd charts was inoperative for about 10 mlinutes
and the 28 RO machine on Circuit #19 was inoperative for
about three minutes. The troubles were quickly located and
cleared by the on-slte personnel.

The ATS Point-to-Polnt HF recelvers were reported

to have a nolse problem due to arcing when ATS 1s transmitting.

bt Teletype Clrcults
The teletype circuits performed satisfactoriiy
during the entlre exercise. The CADFISS test of the relay
of ch data through ATS was passgd successfully-for the first
time on (F—O)—day. Difficulty waé experienced in initially

 setting up this alternéte clreult. The trouble was recognlzed

to be in the Canary Island ead of the circult and additionsal
instructions have been issued which, 1t 1s hoped, will remove

it.

6-9
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Communilcatlons losses were experienced at the
following sites during the MA-4 launch day (NCG-444):

1. Texas lost communlication for 10 minuftes during
the countdown at 8:33 GMT,

2. California lost communication for 3 minutes at -
the same time ab Texas so that 1t falled some tests in the
CADFISS Roll Call. These tests were subsequently repeated
succesgfully.

3. ATS lost communication for about 2 minutes at
12328 gMT. |

4; GYM reported some garbling of messages for about
5 minutes at 14:49 GMT (T + 45 mins.) but no lcss of communi-
catlons.

5. The major circuit loss was on the Sidney to
Vancouver cable (circuit 01) which was out for 1 hour,

11 minutes (8:44 GMT to 9:55 GMT) due to phasing troubles.

In general, desplte a poor-to-~-falr propagation fore-
cast, the teletype network performed better than in any other
previous exerclse.

¢. Volce System

The Volce Communlcatlon Network was much improved
over brevious exercilses, but still had some problems. The
voice network was mainly "loud and clear”, but at one time,
threatened to hold the launch when GYM responses to MCC were
not heard at MCC. The %.,ouble was locatea in a key in the
SCAMA board at GSFC. The trouble was cleared prior to launch

by patching to by-pass the defective key.

6-10
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Another difflculty reported was the weak reception
from Woomera. Thls was later found to be in the land llnes
between Adelaide and Woomera,

The monltor level appeared tc drcp at Bermuda when
SRCAMA switched talk capabillty to the western sites, While
this condltion 1s not enough to be considered serious, 1t 1s
felt that a system level adjustment before each mission would
improve the entire volce network,

The only reported loss of volce communications between

MCC and GSFC was for avout 1 minute at 15:45 GMT,
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B. Procedures

‘1., Communlcatloin.s Procedures

a. Observers reported that the Goddard Conference
a ) Circult (FP #1) transmission levels are not GOJsistenf from
- site to slte. The high level from MCC experienced during
the August drllls was reduced, but the voice level was low
from WOM on (F-0)-day. The.Flight Director reported WOM as
{”) ) unreadable durieg-parts of the plus -time mission.'
b. 7The GYM volce transmissions on the GSFC
Corzference Ci_rouit (FP #1) were intermittently "blocked" to
MCC during_the launch .count. The problem persi%ted for about
two hours. Although the defective equipment, a key in the
GSFC SCAMA beard, was not located until after the mission, a
'patching change was made that eliminated the problem about .
z »30 minutes before Jaunch. . . o
) A solution might have been obtained more expedi-»
tlously 1f, (1) GSFC had reported the problem to WASH 1°
wilthout delay and (2) the initial test effort by WASH 1 had
‘been~more thorough since the first report’ erroneously stated
that the difficulty was at GYM
(j) - c; The-extent of -the launch-~ day critioei coverage"
wag not knewn to personne} at GSFEC or_MCG.ﬂ No:reports were B}
-required to indicate wheﬁher‘"cri?ieal'coverage"iwae‘iﬁ .

effect or not.
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d. Changes in mission documentat?on were made by
ISI's. Discrepancies occurraed because.of different "line

counting" methods employed by the originators and.the recipi-

‘enté of SVC messages 3ent to correct ISI messages. Since

MG-102-15 defines the "text" as the "message classification
(e.g., BRF) plue the body", confusion results when reference
1s made only to llnes in the text in correctlng messages.

‘e. The TTY system did not receive Acquisition
messages during re-entry in Test NCG-444, Apparently, the
ouiput of the eomputer-in the re-~entry mode was nbb ¢onnécted

to the TEY system when the computer was generating AQ messages

" for .the U.S. sites. The computér print-out indicates the

: re~-entry mode KQ=méssagéshfornBDA were generated approximateiy

five minutes after re-entry computations began; these mesgsages

'weré blocked by the operators ab GSFC because of inapprooprilate

Instructions,

2, Acquisition Aid Procedures
.a. The gapsulé telemetry signal strength recelved by
groﬁnd statiens'wés conslderably higher than the pen recorder

full scale:seﬁtiqg (7 microvolts) specified in the Data

_Adquisition Plan.

. b. The acquisition bus was not used at several sites

for,re-écquiqition,of the capsule when tracking was lost during

the pass,
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c., Some sltes commented that the automatic eleva-
tlon tracking of the acqulsition ald was rough at low angles,
as expected, bezause of multipath effects. Other sites
Indicated that such rough tracklng was overcome by using
manual elevation-track below 10 degrees elevatlon.

3. Radar Procedures

a, A digest of the observer reports and other

"information obtalned on site radar performance follows:

BDA
The Bermuda observer reportéd that the FPS-16 had

approximately 20 seconds of valid track during the first pass

of the capsule and none during the re-entry. A review of the
AGC -record 1ndicatéd a highly fluctuating received signal
strength that may have resulted from lobes in the capsulefs
antenna pattern.

It was éhe observer's opinion trat the Bermuda
FPS-16 radar crew needs considerable training in the acquisl-
tion and trackirg of targets whose trajectories geaerate
high fates of azlmuth, elevatioﬁfand range. .Thls could be
done by use cf an instrumented aircrafﬁ'and/or the develop-
ment of a radar simulator, like the RAZEL, for the FPS-16
radar,

_The VERLORT ‘radar pgrovided 4 minutes .of solid

track during the flrst pass of the capsule., The parametric

" preamplifier was not operating during this mission,

6-17
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During the re-entry phase the VERLORT operators
saw bursts of "rabblts" three times, but could not acquire

track. 'The capsule had been acqulred and tracked by the

Town Hill acquisition aid. Desplte this, it was noted that
"the data source used for radar aeqﬁisition wag the manual

; input handwheels. The operator explained that the Electro-
span equipment was net functioning properly and that the ADC

operator was manuaily follewing the Town H1il1ll indications.

SO,

Thig was evldenced by erratic movements in botn azimuth and
elevation, It was the op’nion of the observers that, 1f the

i aceudisition bus had been operating properly, the probablility
:} .of acquisltion by the radar would have Leen greatly Increased.
!

The Bermuda VERLORT radar did not participate in

Test NCG-4U44BB, - Although RAZEL was‘avgilable, prlority was
given to mgintenancg of the synchro clrecultry assoclated

- " with the acquisition system.

. Mo
; The cause of the absence of tracklng by the
{ FPS-15 rader during Test NCG-444 i1s not known. The radar
5 has checked after_the-pass, Indicating 1t was operating

propefly. Operator inexperlence 18 suspscted to he the

cause of the trouble as 1t was the first time the site
attempted to track an orbital veloeclity target. It should
be noted that thils radar was not-made avallable for any of
the network drills in elther Augugt of September when the
MA~4 mission waé simulated.
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aYM
The observer reported that the GYM VERLORT
radar was unable to acqulre and track the capsule in Test
NCG-L44 for unknown reasons. The radar operators indicated
that they manually searched in range and frequency and saw
the capsule signal but could not lock on when they switched
to automatic frequency control, indicating a possible opera-
tor error in adjlustment of the radar recelver,
TEX
The TEX observer reported that there were trouble
areas in the radar equlpments, procedures and operatlons.
An analysis of the radar data transmitted to GSFC from the
TEX VERLORT-radar during the MA-4 mission (NCG-444) is
included as Appendix D of this report.

The analysls indlcates that the capsule was

acqulred and tracked but was lost when the radar was coastirg
through the transmitted pulse in accordance wlth the radar
handover procedures. At the same time, the elevation
encoder apparently_failed so data sent to GSFC were in error,
On re-acquisltion, the tfansmitted range was ln error Ly one
range interval, because of an operator error, It 1is also
apparent that no use was made of the acqulsition bus when

the radar lost track.
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Active trackling by the FPS-16 radar v.-
}eported to have been late in starting because of the un-
certainty as to whether the radar handover procedures per-

mitted 1%. NWevertholess, the data obtained were of good

quality and-per:itted the computer to make a good.deter—
mination of the Inpact Point of the capsule. An analysis
of the radar teletype data transmitted to GSFC from EGL

=~

1s enclosed as Appendix E.

b. In futqre misslons, the tape from the radar

28 RO telét&pe machine shquldfbe collected as parf of the

,ﬁisgion data; :Thia tape ccntains radar pésition-data re—
- gardless of whether the radar i1s in valld track or trans-
mititing to GSFC. Analysis of this ‘record would establish
ahtual radar positioning and operator perfo“mance.
) c. A standardized.procedures for gdjusting the _
'faQar servo amplifier gain is required. Some sites report

° that adJustmeﬁt is made by "feel"; other sites use the

function recorders for a Nyolts per mii" chénge;'and a third
;E R metbod 15 adJustment forznmmer'overshoot . —

- d. Cape Canaveral reported that the determination

|

ol the rar ar miu—frequeq vy required to interrogate the
n K ;n1§g-;e_peacon Is not accurate because off@he:shoft.time_

_ inét the capéule.ﬁeacon 1; gvailable for this-measurement.

* and the warm—up time of .}ne'cabsule-beaéon. During the -
internal pcwer checke of the cepsule prior to 1aunch, there -
is not sufficient time to recheck the interrogate frequency )

;’;‘t but cnly time to check for 3lganl strength simllar. to that
_'J when the capsule beacon is on external pow¢r. ‘
R S ': 6e20 - -
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e, Many sites reported that there was not sufficlent
time to check the radar Interrogate mid-frequency and, there-
fore, the value glven in the Summary (SUM)Zmessage report was
one they had previously recelved,

f. Observers at the sites lnvolved reported uneatis-
factory operation of the radar handover net. The GSFC
confereﬁce loop was 1in almost continual usé by the Flight
Controllers during the S-band radar handover period auring
Tést Nca-444,

It has been feported that the S-band beéeons

used in_thé future spacecraft wlll not have a lockout problem, -

- 8o that several radars can interrogate the beacon with negli-

gible 1nt§rferenee. If such beacons become avallable, the

"handover procedures should be re-examined and simplified to

minimize the :equirements for a radar S-band volce circult.
If such beacons are noé avaiiable, independent voice communi-
cations for S-band radar handover should be established and
& Radar Controller should be stationed at MEC té codrdinat¢.
the handover procedures. _

g. The éape_Cahqverai;é—band radar operator was not
informed that the Eglin MPQ-31 radar was inoperztive. This
1ndicgﬁés a communications problém within AMR. - '

4. Documentation’

a. More coples of the latest issues of the Brief

.System Tests and -Detalled System Tests are required at the

sites since the coples provided have been used.
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b. The ISI technique for issuing instructions or for
chénging mission documentation appeared satisfectory. The
-large number of ISI's issued in the NCG-444 test series
reflects the preliminary state of the mission documentation;
most ISI's require that the on site documents be corrected
by hand,

5. Repoerts

a. Sites were required to send several reports to
central control ﬁoints. Required reports Iincluded Status
Messageg, Post iaunch Informatioh. Messages, Detalled Post

- Launch.Réborﬁs; Radar Performance ana?éommunication Tech-~
nician reeords:- The number and céntents of theéezequired
reports resulted much duplication and probably some un-
necessary data preparetion.

- b. The_miesion doeumentation does not state titles,
planned dates or dist;ibution of the post-mission reports
that summarize the performance of the netwofk during a
misglen. ' - ‘

6, Countdown ° _

'-_a. The Network Countdown wag quite adequate for the

"MA-4 mission and 1s probably appropriate to fufure MA
missions. E

b. The time requirements on the CNV FPS-16 during-

the TTS:OOJto T=3:00 per;od were coordinated satiéfaotorily
améﬁg tre organizations issulng IFMC)-day counts; the radar
is requireda serially, to support (’) eapeule béacon(ieeks,
(2) ‘AMR.s1léw checks, (3) CADFISS Roll Call and (4) to observe
RE sllence durlng the capsule destruct box hookup.
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7. Miscellaneous

a. The slte fecordings were promptly removed from
the site following the MA-4 mission, These records, or sult-
abie coples, would be valuable to the site as training alds
and to foster a critical analysis of the slte performance.
Each subsystem group might he expected to correlate the equip-
ment performance and personnel operations with the over-all
subsystem effectiveness.

b. The Command carrier was kept on at San Salvador
(AMR) for 8 minutes 2 seconds after the time specified in the

Command Handover Documéntation through an operator error,
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'launcn, can devote his full attentlon to the operational

Conal i

C. Personnel and Training

1. It was reported that M&O"personnel at some sitesmhed
not been on site for e'sufficient-lengto of time to develop
acceptable proficiency.

2, At several sitee, the M&O Sagervisof‘s operational
vroficiency 1s severely reduced by his administrative burdens,

Unless the M&O Supervisor, during the two weeks prior to

areas, which include equipment status, site/network drillé,

eystem. tests, mission documentation, individual operator

readiness, briefings and debriefings, the site's performance-

will)" -be severely handicapped. . -

' 3, Site operational readiness could be improved,  and

confi dence of site capabililties could be obtained, by supple-
- menting orbital missions and network drills with 1nstrumented

-aircraft visits scheduled on a periodic basis,

4, Several radar operator errors may be attributed fto a

lack of experience in tracking orbital vehicles. & slte-by-.

site compapison of tracking performance Indicated that VERLORT
operators trained on the RAZEL simulation equipment (at BDA,
CYI and MUQ@ wege more capable than the operators that did

" not have this device.on site.

5. ATS veports that a relief teletype operator has been

added to the M&(0 team as previously recommended.
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VII, ANALYSIS OF TELETYPE TRAFFIC
A. General -

f’) This section of the report summarizes the analysis
of %the speed and accuracy of teletype message flow~during
the MA-U4 filight (NCG-444) and 1ts previous simulation
(NCG-LULEB). The analysis is mainly based upon the TTY

R Message Summary Reports prepared by the observers at the vari-
i

4
e

ous sites. These reports were submitted for the CG-444BB
simulation on September 11,_1961, and the NCG-444 (MA-4)
mission. Tables were prepared from these reports which present
_the significant information in a concise form. The tabies are
éomplete, giving message data from-iift-off to .the en&lof the
mission, except for Texas on Test NCG-444BB, This lack of

a report from Texas on September 11, 1961, was due to damage

from Hurrican Carla. . : S

B. Traffic Analysis

The analysis was made 1n.tﬁd ways: .(1) information
flow, and (2) messege trans&;ssion time.,  The dual anaiysis

. was made to obtain measures. of both tﬁe performance;: of the
(E) overall system, including applicable human factors, and the o é
pérforﬁaﬂce of the teletype system alone. . Information flow, ;- '-i
which deals with the‘ovérail system, is discgésed furst; ' %

followed by message transmission time, which reflects the

(j)  teletype system performance .alone. : : Y
. 71
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1. Informatlon Flow

1 ' Information flow time 1s-defined as the interval
between the dellvery of a nandwritten méssage to the communi-
cations rgom.at the sending site, and the'receipt of the
completed message at the receiving site,  The first Date-Time-
Group on each message glves the time sgtamped on the hand-

written megsage when 1t 1s delivered to the communications

- room, In the communications room a feletype operator takes
the'hquwr;tten copy and ﬁrepares a2 punched tape whilch,
when completed;—is sent over the teletype circﬁit. At the

f o receiving site %the eompletely recelved message is torn off

an@nthen time stamped with the time -of receipt.. Both of

theggitimes, i.ea,:the firét‘DateuTime-Groﬁp, and'thg re-~

ceived time stamp, are.given .in hours and minutes. -

10 1 1Y 4 Y

It will be noted from Table 7-1 for Test NCG-4ik:

,that the greatest proportion of the messageé fall into thé.

JUCIRY S

0-5 minute information flow time class, Specifically, '
" ‘about .86%* of the*messages are in- the 0~5 minute class, 14%
arenin the 5-10 minute class gnd_less than 0.5% are ¥n the
greater than 10 minute class. " Since message processing
at'the-sgn&ing,site requires .several minutes, the indlcated
ﬁerfqnmaﬁpe wasikéry good, .

o O T T v

*The peroentages quoted throughout this~sect16n are exclusive

of the undetermined messages which are assumed to ‘be distributed ‘

the sape manner as those in the other culumns.

-2 .

At



Table 7-2 glves similar information flow data on

Test NCG-444BB. It was noted that the total number of
messages was considerably less (about one-half) fer the
simulation (444BB) as compared to tae iive mission (444),
percentages are considered instead of absolute numbers, a
much closer agreement is evidenced. Specifically, the live
mission placed 86®, 14%, <0.5% in the 0-5, 5-10, >10 minute
classes respectively, and the simulation placed 89%, 10%, - -

i% iin. thre 0~5, 5-10, >10 mipute classes respectively.’

2. Message Transmission ‘Time

Méssage Transmission Time provides a measure -of the

performance of the>te1etype~system alone, excluslve of most

. human factors. Iv 1s measured by determining the time~

interval betwéen that given in the Dﬁte-Time—Group at the

end:- of the message and the received time indlcated by the

“time stamp at the recelving .slte: . " 1 % 7 . ~f:_i

The time indicated by the Date-Time-Group at the
end of the message. corresponds to the time when the tgletype
operator completed punching the message tape., If thé message

tape 18 immedigtely transmifted and the message is_pfomptiy.

" time-stamped at the receiving site, the dlfference beﬁweeﬁ

these times is an accurate measure of the transmission time.”

These oonditions were assumed in this analysis so that the '

" “reported measured times are equal_to or greater.than the -

‘actual meséage-transmission times.,

: 7-3 | ST
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Message Transmission Time 1s composed of two parts.

The first part 1s the time required to transmlt the message.

The second part ls the delay that may be encountered en route

due to circuilt sharing, switching, transmission speed changes
and ARQ errof checking equipment, In general, the second
part 1s considerably smaller than the first.

. The rigﬁt hand portion of Table 7-1 gives the Message

Transmission data on the live mission (Test L444). It will be

noted that <. iarge por§ion of tne.messages fall into the lower
timé.classeé indicating short tnansmiseion times'fcr_a large
numbe; of . meqsages. Many of the messages 1n.tne 0‘1 and 1-2
minute classes have not experienced any significant delays.
because these times are commensurate with message lengths.

The right hand portion of Table 7- 2 gives the Message

Transmission data on the NCG-Q&MBB simulation. Tt will be

noted that a_larger percentage of the messages fell into the
{ower time cells than}on ghe 1ive mission. Specifically, the
live mission ?laced about 60% of the messages in the 0-1 and
1-2 célis-comb}néd; while the BB simulat;on placed abqutJYQ%

in these cells.. In other words, the data seem to indicate a

greater percentage of 1onger message transmlission times on

" the 1ive mission day than on ‘the simulation.. Initially, 1t

Was thought that this was due to the increased load carried

on the live mission day, which was almost twice that carried

. on the BB‘simulatign day. However, further analysis is re- -

“quired to substantlate this bhypothesis.

N ”. “: 7-4
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3. Lost and Garbled Messages
The proportion of garbled messages occurring during

Test NCG-444 was small, being only about 0.5%. This was

better than some of the previous network drills in which garbled

messages represented 1%-3% of the total.
As in the case of the previous simulations, there
were no lost -messages reported for the live mission, This can

be attributed to the excellent performance of the teletype

system, including human factors, and the message accountabilify

system,

L, Radar Data Messages

The performance of the teletype system was excellent
In the timeliness of its handling of radar data. Although
radar was missing from several sltes on the llve mlssion, it

wés not attributable to communicatiocns. Transmissgion délayé*'

. were quite small. It will be noted in Table 7-3 that the

€& raw-radar transmissions were delayed less than.lo seconds
by the communications,sysfem, The,traﬁémissimnsshowing

greater delays were the smoothed radar data from the Bermuda

~computer and do not represent‘communicétion delays.

*Trgnsmigsion delay is defined as (T&- 0), where T, 1is the
recordéd time-of recelpt, at Goddard, of the first character

of the message. T, 1s the time indicated in the first line

. of the radar mesaage, which i1s the time the message started

transmission from the sending site,

=5 B
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There was only 1 line out of 346 lines of radar dats
that contalned an cbvious error, This figure was obtalned by
examining tﬁe Goddard RO page coples of radsr data for obvious
erfors, such as garbled line or letters in place of figures. {
It should be noted that errors that would change a digit from
one velue to another could not be determined 1n this way.
| The delays and errors of radar messages for the

Test 444BB network drill, shown on Table 7-3, are somewhat {

-grecuer than for- the live miqs;on. It will be noted that
. ho megsages are in the O 10 second class for the drill and

3 1lines of 565 lines of radar data had obvious errors. The

reason for- the apparent increased delay during dfilis was the

ninstruction po the sites to delay transmission of simulated

radar tapes by at least 15.seconds.

C,- Analyslis .of Telemetry Summary Messages
. An important aspect of a TLM Summary (SUM) message

1s the timeliness of 1ts receipt at the Mercury Control

‘Center (MCC) and'ét succeeding sites. This message 1s impor-

tant because 1t permits Flight Controllers to evaluate the
state of the space vehlcle and 1ts occupant and to establish.

the trends of telemetered data and also prov'iee capsule - C

‘;requencies to the Maintenance and Operations (M&0) personnel

prior to capsule eontact Table 7-4 shows the timeliness of

_delivery of the SUM meseages during Test NCG-444

The times 1isted in the. tables are in mlnutes from . G

f lift~off The first column gives the telemefry contact time,

fc% examplu, Bermuda estab;isheg telemetry contact mith the
7-



capsule at 3 minutes and 4 seconds aftetr l1lift-off. The

gecond column gives the tlme of loss of the telemetry signal

(LO3) at the sites. The third column glves the time of ;
arrival of the SUM message at the communlications center ol (
the orlginating site., The fourth colum: is the dlfference

between columns 2 and 3 which 1p the time interval between

LOS at the site and arrival time of the SUM message at the
‘communication center of the originating site., The fifth %
column glves the receipt time of the SUM message at MCC. _
This time, instead of the receipt time at all sites, was

gsed because of 1ts avallability and 1ts close approximation é;
to ithe actual receipt time at other sites., This time 18 a :
close approximation since SﬁM messages are automatically

broadcast outward from Goddard as they are coming in., The

broadcast transmisslon lags the incomlng message to be broad-

St Tie

cast by abqgt one second, Columh 6 gives the first site to
receive the SUM in time to extract 1ts data pricr io midpass
~f the capsule over the slte. The seventh column gives the
number of the first succeeding site in the capsule orbit, L
with reference ﬁo the originating site, that was able te
uge the SUM prior to .apsule midpass.

It will be noted from Table 7-4, that in many céses

thé gecond succeedlng site in the orblt was able to use the

SUM message. In soﬁe cages, such as Zenzibar, the first
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8u¢qeeding glte, 1.e., the Indlan Ocean Ship, received the
SUM message prior to midrass. . It should be noted that the
Canary Islandsisite was able té ﬁse_the Bermuda SUM messdge.
It should be fioted that the SUM message from CTN was
the last to ﬁe received prior to the capsule pass by all of
the U,S, sites because of fhe close spacing_of the sites,.
However, this would not affect range operations because all
of these gites are connected by the uoddard Volce Conference

Locp 80 that any abnormal data telemetered from the capsule

'would be quickly disseminated by voiue as well as by SPE

teletype messagea.

The time from LOS to message delivery into the com-

'municafions center at the originating site is a measure of
_.fhg time uséd by the site in preparing its SUM message. -This

" 4is shown in column 4 of Table 7-4." These times are of 6hq

same order as those obtained in netﬁork_drills. To get a

quantitative measure of comparlson, average SUM message pre-

’parafion times were obtained for each network d¢111 from

: NCG~44&G through Y and arranged in rank order as follows:

NCG-44UE-2 .6,2 mins,
NOG-4A4F-2 4.0 mins. ]
NOG-M4ME-1 - 3.9 mins.
_ NCG-MMAG. . 3.6 mins.
NCG-44UF-1 3.0 mins.
NCG-44ly 1.8 mins, -
NCG-444B 0.6 mins,

oo
)
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The average time from LOS to message deilvery into
the communicatlions center at the originating site for the
NCG-444 live mission was computed as 3.4 minutes. In terms
of the abuve rank order it wouid fall between the P-1 and
the G simulations.

The SUM =zessages, &s well as otheré, are subject
to delays, therefore the time 1nterva1'from'LOS to the_

recelpt of the SUM message at MCC is significant, since it

serves as a measure cof the SUM message flow to-all sites,

Table 7-5 glves the times from LOS .to the receipt of the
SUM at MCC. Coluan i gives the times for the NCG-444 mission
and column 2 éives thé average times for the network drills
NCG-444G through Y. )

It will be-noted that the times are comﬁarable* with-
some sites helng better for the 1live mission, and some bYelng

better for the network drills. For example, BDA 18 seen to

be a 1ittle better for the 1ive mission with a time of 6

--_minutes 22 seconds as contrasted with 7 minutes and 42 seconds

for the necwork drills. ATS 1s noted %o be slightly worse

for .the 1ive mission. It was gratifying in the case of CYI

"to notice the.much vetter performence for the live mission

with-a_time‘of 5:40 as.opposed to 9:36 for the average of the

 driils. - ) : .

*Tnis was cheéked'by applylng a statistical significance test

to th. mea.: of the two columns. No significant difference

was revealed because the difference in the means was less than-

the difference ekpected_in normal random sampllng.

7-9
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In general, the- over-all performance of the man-
machine system in handling SUM messages during the live
MA-4 mission Was-quite comparable to the performances

demonstrated during the previous network drilis.
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VIII. CADFISS TESTS

A, General

In this section of the report, the CADFISS Roll
Call and Data Flow Tests cbnducted on Sept. 11 (NCGL44BB)
and Sept. 13 (MA-4 Mission Day) are reviewed. The Roll
Call and Data Flow Tests conducted-during earlier MA-4
simulations (Aug. 15 through Aug. 25) are included in the
report for that period. Thz tests conducted on Sept. 9
(NCG444DD) were outside the observation periods, and are
not included in elther report. However, a duick review of
results for Test NCGLU4DD 1ndicated no unusual happenings.

The program and computers worked well during the
CADFIS$ tests in the NCGUUUBB and NCG44Y4, The same program
was used as had been used during the August network drills.
Site readiness, as -measured dy CADFISS.tests, was good. On
both days the CADFISS Roll Call and the Data Flow tests op~
erated successfully and expeditiously. '

Some confuslon arose concernling the purpose and
scheduling of the two Data Flow périods in the Network Count.
The o. lginal intent was for these to be option perlods - the
choice of option being selected by the Network Status Monitor.
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Possible

5

options are:

Reruns of test failled during the Roll Call
Reruns or tests with sites indicating a change

of 3tatus since the Roll Call

Data Flow confidence tests (These are series 40
radar tests, and would generaily be run only if
there were holds of substantlal lengsh, Ho insure
that the data flow?netwbrk had no®: deteriorated
during the hpld) |

High speed tests between GSFC and MCC.

The intent of these Data Flow periods was apparently

misinﬁerpreted. It was later stated that network series 40

Data Flow .tests were required by the Network countdown. %o

countermand this interpretation, ISI No. 16 (issued Aug. 22)

stated that Data Flow perlods were to be used on;x for tests

falled during the Roll Call; This IS. was nct followed on

mission day. when network seriles 40 tests were run at T-0:50

following about one hour of holds. The recommended procedure

for futufe missions is to state the optlions avallable and

. leave the decision to the Network Status Monitor.

<

- B. Results by Site

This section summarizes CADFISE results at each

sipe-for the two dayé of tests.

BDA - The results of the 20 series tests of the

primary teletype circuits (09 and -10) were good, while the

pack-up circults (USAF-O1 and USAF-02) had intermittent

8.2
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garbling. The VERLORT timed out on Roll Call test 41 in
Test 444BB, but passed the rerun. An incorrect patch during
the second Data Flow period during NCG444 resulted in time-
outs for tests 41 and 42 on circuits 09 and USAF-J1., The
radar performance appeared satisfactory, since the time-outs
were ascribed to non-radar causes.

gggl- A1l teletype tests were successes.

CYI - Teletype test results were better than dur-
ing the earlier MA-4 simulations. Back-up circuit 16 via
ATS had some garbliing in Test 44NBB, but only a single
éharacter error was noted from CYI in Test 444. The VERLORT
radar tests ﬁere generally satisfactory.

§§9_7 A1l telietype tesfs were successes.

ZZB - Teietype tests or mission day were successes.
A singie character error was observed at GSFC in Test 444BB.

I0S - Ail telebype tests were successes.

MUC - A single character error was observed at MUC
on circult 01 in Test 444, All other teletype tests, and-
all radar teéts were successés.

WOM - The teletype test in Test 44l was a fallure

on circuilt 01 to WOM, with many errors noted. It was a suc-

"cess on circuit 02. In NCGUULBB, teletype tests were suc-
cesses on both cirpuits. Radar responses du?ing_NCG444BB

were from precut tapes. They were live in NCG44L4 and were

successful. WOM reported its FPS-16 "red" at 09:20GMT during

. 83
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Test NCG444., For this reason, a rerun was requested in the
first Data Fiow pericd. This time the test (42 only) was
successful,

CTIN - A single character was recelved in error
during teietype tests at GSFC in Test 444, Teletype tests
were suecessf”l_during Test 44HRB.

HAW - AZZ veletype tests were successes, Radar
boresight tests wers a’l successes in Test 444, During NCG
IERB TRACQ modificétians t; the FPS-16 prevented 1ts par-
?1cipation. The gite stiil dces not have ranée targets for
éither radar.

. CAL - A11 teletype tests were successes. All
radar tests during NCGQ4U4BB were successes. On mission day

(Test 444), tests 42 and 81 were failed during the Rcil Call

. but were successes .on the reruns. The troubie was attributed

to ecircult prob:ems that ceveloped after tﬁe 20 series tests.
GYM - A1l teletype and radar boresight tests were
successful.’ éhe site dces not have a range target.

' WHS - Ail tests were successful. The radar re-
spenses to Roil Call tests 42 and 82 during NCGL44LBB were
from precut tape sitnce there was a rgdar-td—telétype equip-
ment outage at that time. The refuns wilth ilve data during
the Data Flow perliod were successful.

QEZ - All testg were successes on miésion day

(Test 444). TEX did not participate in any tests in NCG

4UU4BB hecause of Hurricane Carla.

&~4
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EGL: - Ali radar and teletype tests were successes.

C. Discussion of Results

The CADFISS test results and the site status re-
ports both indicated a high degree of network readiness
cn the MA-4 mission day. The actual radar:trqcking results
were not geccd. A question can therefore be asked of the
usefulness of the CADFISS tests in predicting network readi-
ness, 1t must be femembered, however, that many factors
not tested by CADFISS are important t©o good radar performance.
Among these are transmitter and reeeiver performance, dynamic
respcnse, and operator procedures and training. The first
two of these are examined in the BST's and DST's. There is
considerable evidsnce to indicate that the last of these
causes was primarily responsible for the dlsappointing radar
showing. The present CADFISS tests do serve useful func-
tions in checking data flow paths (most importantly the radar-
teletype and teletype-computer interfaces) and radar calibra-
tion.

Consideration shouid be given to inclusion of
dynamlic (slew) checks in the CADFISS Roll Call. CADFISS slew
checks are avallablie as 90 serles tests 5ut have been used
only for non-mission tests. Tests'91 and 92 are clceckwise
and counterclockwise slew checks for the VERLORT radar;
tests 93 and 94 are the same for the FPS-16 radar. Each test

requires 40 frames, or four minutes, of racar data. Therefore,

8-5
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to run alil slew tests with a dual radar site ﬁaving only one
teletype line would add at least 16 minutes to the running
time of the Roll Call at that site. It would be desirable-
to have shorter slew bhecks for mission tests.

With slew checks of perhaps two minutes per test,
it should be possible to complete a Rcoll Call in less than

one hour, provided that reruns were deferred to a later

test perlod. -

The failures with CAL in the Roll Call test dur-
ing NCGM44 demonstrated that critical communicatioﬁ coverage
had nét been instituted at CAL at the t£ime of the Roll
Call test. Whether such coverage would havé preventéd the
failure 1s debatable. ] |

" The time expirations-at BDA during the last Data
Flow perled of Test NCG44L are somewhat diéturbing. The
cause'éf.the time~outs was stated to be an incorrect tele-

type patch at BDA, and based on this Information, no rerun

-was requested. The incorrect patch was made at the communi-

cations carrlier termlnal in Bermuda, not at the site. This

raises doubt that the safeguards agairst such an incorrect
patech are adequate. The Data Flow test was not expected to

be run, and was run only because of holds in the count. It

" 18 possible that the incorrect patch would not have heen

discovered prlor to lift-off if 1t had not been for the Déta~
F;ow tests.
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At least two messages were sent during the perilod
in which teletype traffic was restricted for the second
CADFISS Data Flow test of NCGU444., These were a 1200Z GEN
from ATS and a 12192 STAT from GYM. Neither caused any ap-
parent difficulties in the running of the Data Flow test.
The first was recelved before the start of the test, and
the second probably was sent after the finish of the test
at GYM. However, the restricted perlod lasted from 1155GMT
to 1226GMT. It is quite ppebable that short TTY messages
would not interfere with CADFISS testing; empirical data
should be obfained during network drills to determine the
feasiblllty of this possible easing of the restrictions on
TTY traffic during CADFISS tests.

8-7
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APPENDIX A

Bermuda Telemetry Observations

The following are excerpts from a report* made to
Bell Telephone Laboratories by Mr. T. J. Hoban of Sandla
Corporation who observed the performance of the telemetry
equipment at the Bermuda site for the (F-2)-day network

drill and the Mercury-Atlas 4 (¥-0)-day, September 11 and

‘13, 1961 respectively.

"], Equipment Performance

MA--4 Mission, September 13 -~ A.malfunction in the
timing distribution system caused loss of the 1 per 6-second
timing signals to the radar plotboards. A short hold resulted’
until it was discovered that timing signals were belng recorded
on the radar data being sent to GSFC and would not regsult-Inia
loss of data. The mlsslon was, therefore, completed without
effecting repalr. "Otherwlse, the MA-4 operation was extremely
smooth with surprisingly few difflicultles. ‘Telemetry acquici-

tion was made approximately 30 seconds earller than was anticl-

vpated.

*The report by Mr. T. J. Hoban also contalned observatlons
ﬁaée“d;ring the MA-4 network drills in August, 1961 which were
included &8 Appendix A of the "Report on Observations of the
Mercury Ground Range during the MA-4 Network Exercisea'of
August 15-25,-1961:" -
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During the first overhead pass TLM contact was main-
tained for 8 minutes. Maximum signal strength was 600 micro-
volts, signal strengths at acqulsition and loss-of-signal
were reported as 150 microvolts. Except for two very short
RF fades noted while monitoring the TMI slignal analyzer, the
signal quality was very good.

-During the re-entry phase, TLM contact was agaln
maintadned for approximately 8 minutes. RF gignal levels
were conslderably less than those received on the flrst pass
and the last 3 minutes of contact were extremely intermittént,
probably due to multipath refleotions and perhaps capsule
aﬁtennae pattern. Tho 1asﬁ telemetered éignal to be positively
confirmed was "Drogue Chute Deploy"; shortly after this time,

RF fading became so severe and frequent that the decommutator

was nct able to malntain synehroﬁization. Maximum signal

strength was 250 mlcrovolts on the low frequency link and 300
microvolts on the high frequency link,

2. Personnel.Performance

T™wo of the TiM operators had been recently aséigned
to the telemetering operation and were somewhat lacking in
experlence; however, they handled thelr operational'assign—
ments well, except that adjustment of tape recorder levels
during the MA-4 misslon could have been made sooner and
should have been monitored more freguently, Malfunctions

which occurred dﬁring the countdowns were handled rapidly

" and with minimum confusion.
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3. Procedures

Information is not available at all sites for annota-
tion of the pen recorder charts per instructions in the MA-4
Data Acquisition Plan, in particular, Items 2 and 3.

4, Recommendations

Permlssion should be granted to- the TLM statlion

2 operators to playback the recorded magnetlc tapes as a means -

of determining the quallity of the actual recorded signals in
comparison to the reai time signals, Any degradation in
quality (1f any exists) of the recorded éignal could then be
noted and relayed to the data playbaecki: station. If problems
in thls area happen to exist, the& would be lmmedilately )
determined and corrected. Of course, 1f this permission were
granted, extreme caution would be necessary to prevent accl-
dental recording of other data on the tape.

There has been some diffeyenée of opinlon expressed
by MCC and BDA telemetry operators ln regard to the deslra-
b11lty of operating the decommutators with or without fhe

Zero and Galn correction servos. (cf. TWX messages 21/15502Z

from Mr. L. E, Packham, dated 9,/21/61). As I see the problem,

the basic difference has to do with the recovery time of the
decommutator durlng intermittent RF signal conditlons, I
believe that the BDA telemetry tape from the MA-4 (NCG-444)

mission would be ideal_ for determinling which mode of operatlon

A~3
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would be superior, because of the intermittent data received

during the last three minutes due to RF fadling. Playbacks
of thig tape wlth the servo system in and out siould show
whether more data 18 recovered without the servo in because
of faster recovery of the sync circults In thls mode. The
BDA decommutator was operated with the servo system in for
Test NCG-444 and it is evident that during the last three
minutes the deoommuﬁator was not in syn~ most of thls time.
Whether this would improve in the manual mode 1s unknown.
The benefits of operating wilith the servo in are:
More accurate data 1s obtained and the Qperator‘s attention
is not required for manual adjustment of the Zero and (Galn

correction, Operation without the servo wiil resuld in

faster recovery of synchronization during RF drcpouts and,

therefore, a more sligriflcant amouni nf Aata may be obtained.

However, manual adJustment may resuit in mcmentary loss of

sync due to excesslve movement of the cerntrols and; of course,

the data accuracy may suffer,”

A-4

o

~



~_J

APPENDIX B

Observer Assignments for Test NCG-U4U4BB and 444

STIE
MCC

GSFC

BDA

ATS
LDN
CYL
MUC
WwoM
HON
GYM
TEX

September 11 and 13, 1961

OBSERVER
F. Freeman
J. Hibbert
J. Johnson
P. Johnson¥*
C. Goodman
A. Peterson
G. Tolson*
T. Hoban
H. Kraus
P. Lein
G. Adams¥*
J. Anderson#*
M. Fablan*
H, Barrier¥
D. Anderson
N, Kulp*

J. Baldi

J. Kreer

ORGANIZATION

BTL
BTL
BTL
WECo
WECo
BTL
WECo
. Sandia
BTL
WECo
WECo
WECo
WECo
WECo

NASA

WJI Y
‘LMVC

WECo
BTL

*Indlcates personnel already statloned on slte for other

dutles.
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APPENDIX C

Observers® Report Form

At the conclusion of each network exercise, the
cbservers at each site were required to fofward an "Observer
Report” b; teletype to MGC in the format shown in Figure C-1.
£ This report contalned the following information:
- (1) Time of telemetry contact _ '
(2) Time of loss of telemetry signal
(3) Duration of "solid" telemétry from the Capsuie
(4) nuration of "solid" Acquisition Aid Trackingi
(5) Duration of "solid" S-band radar tracking
I (6) -Duration of "solid" C-band tracking
1(7) Duration of "solid" UHF ?oiceA
(8) Duration of "solid" HF voice
.(9) Time of receipt of the following messages-
a. Telemetry Summary.(SUM)
b. Acquisition and Pointing Data (AQ)
o c. Capsule’ Frequency messages (CRF)
.52)- L . _Retrofire Events- (RTOF) ; o
() Time of sransm sslon of the  following messagen:
C a. Tblemetry Summary (suM) - . '
LT o b, Ccontact (CON) - ) .
o ol site status (smm) .
' " (11) Qualitative evaluation of exercise .
(2) Brief comments bp,the{exercisg S - ..
(13)‘ Nota;ion of an&ldifficulties ehqéuntereQ .:
{14) - Sugge&tions for cnan%es :
. el



FIGURE C-1
Format of Observers' TTY Report

{date time group)
(MCC DE ----)

———yre L R

ADM

ATTN P, J. JOHNSON

OBSERVER REPORT FOR NCG-l4Y4 —---
"1. DURATION (MIN-SEC)

A, TM CON ———=Z
. - B, TM LOS ~——~Z

C. TM SOLID ————

b. AA SOLID ————

E. S RADAR SOLID ~--~
F. © RADAR SOLID ~--=

_ G. UHF SOLID ———
% H. HF SOLID - —
1 _FE. 'TTY RECEIPT .
A, SUM
MCC - ———Z
BDa ——Z
» ATS - : —F
cYr . ———Z
. KNO ————Z
ZZB . - . ————Z
108 ERRRN
MUC R — 4
" WOM Ca——Z
CTN - ————
HAW s Z
CAL ———
GYM ——Z
WHS - ————Z .
TEX ——Z
EGL IETE—
B. ACQ 1 _ Cmang
2 e
3 . e-eeZ
~ . G, CRF ]
¥ ST ' ————
' _"-D. RTOF -i-lZ
III,. TTY TRANSMIT TIMES
A, SUM - --=-Z
. B. CON ——
c. &MT- L eeeeZ
N ————Z
. ettt
Iv. QUALITATIVL EVALUATION
V. COMMENTS

VI. DIFFICULTIES
- VII. SUGGESTED CHANGES
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APPENDIX D

Analysis of Radsr Data Transmitted From Texas
During Test NCG-444

This report presents an analysis of the radar
data transmitted from the VERLORT Radaf at the South Texas
site during the MA-4 mission on September 13, 1961. The
analysis was made to determine the trouble areas 1n radar
equipment, procedures and operation. The results show
that difficulties were present in all three areas.

An inspection of the records of radar data trans-
mitted to Goddard indicated three areas in wniqh @ifficulty
seemed to occur. They were inadequate procedural Iinstruc-
tions, unsatisfactory operational technique, and equipment
failurg, The radar telatype print-out was-converted to
decimal values 1n nautical miles and degrees and plotted
agalinst time. The cofresponding pointing data, corrected
by adding to the time a corstant amount to make a best flt
to the intervals of valld data, were then plotted on the
same sheets., The added conétant corrected for the change .
(28 seconds) in orbital period due to the capsule being
inserted in an orbit tﬁelye miles lower than nominal and the

fact that SECO oceurred 9 seconds earlier than expected.

.With this correction, the lift-off time agrees within two

seconds of the actually observed 1ift-off time..

D-1
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Figure D-1 is the plot of the range data and
Figure D-2 1s the plot of the azimuth and elevation daéa
sent from TEX, as recelved at Goddard. The solid curves
on these figures correspond to the theoretlcal pointing
_ata while .the indicated points are derived from the tele-
type print-out,

Inspection of the azimuth curves indicates that
the radar was actually tracking the capsuls from 15:35:54Z
to 15:36:12%Z and from 15:38:36Z to 15:39:12Z. These
intervals agree witﬁ thg valid data blit on the teletype
print~out.: However, during the later interval, the eleva-
tioﬂ print-out contained all readings idegtically Zero
which would imply a pointing error relative to the calculated
rointing data, of from two tc six degrees. Even at the
minimum error this was outside th? beam width (2.4°) of the
antenna-by more than 0.8°. It ié obvious that these print-
ouf figures do not agree with the actual position of the
antenna since 1t was tfacking the capsule in range and ézimuth,
and this is emphasized by the fact that the elevation print-
out is identicallyjzero from 15:36:182 to the end of trans-

misslon. Eduipment difficulty apparently occurred in elther

.

the encoder-or_the digital-to~teletype converter, which-seems

to be confirmed by the report that the elevation strobe 1light

_ in the encoder wag later found to Le defective,

T~
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The next observation is tﬁat the range in the data
sent to GSFC is much shorter than predicted in the pointing
data. However, the éwo curves are parallel and 1f two hundred
nautical miles (correspgnding to one pericd of the VERLORT
PRI’) are added to éhe radar range data the resulting curve 1s
in good agreement, as indicated by the solid circles cn
Figure D-1. The errors remaining would be reduced to very
small values if ghe change in orbital speed due to low alti-
tude had been taken into account during the time:of the pass
(this correction would amount to about one second). It seems
falrly obvious that after losing the target in cocasting through
the main bang at 15:36:10Z, it was reacquired at 15:38:36%
but ﬁith the range ambiguity resolution in error by the range
equivalent to one pulse repetition period. The target should
have been reacquired shortiy after 15:38:24Z and tracked until
15:37:06Z, and then reaéquired shortly affer 15:37:162 and
tracked until 15:38:12%. That this was not done was due to
the fact that the operators allowed the antsana to shift for
itself during the coast interval as 1s evidenced by the
constant azimuth print-out for about 1.5 minutes starting at
this time. Actually, as the pointing data shoﬁ, theazimuth
was dhanging-ver& rapldly at this time and as a conseqguence
the antenna was pointing ten or twenty degrees away from the

capsule when 1t emerged from the coastlng reglon.



Finally, the 1initial acquisition at 15:35:542
was not accomplished until almost 2;5 minutes after appearance
of the capsule on the horlzon. - ]
Taking up the difficulties in reverse order, the
causes and what can be done to minimize thelr occurrence are
now consildered.

The late acquisition was almost certalinly caused

by- the handover procedures which, as now described ia Mercury

Network Procedures (MNP) Section VI, make no provision for
an up-range station being unable to chuire. During the MA—4
mission, the VERLORT radar at Guaymas was unable to lock-on
to the signél and conseéuently the Texas radar, although
paséively tracking the Guaymas signal, was unable to phase
and under the procedures in MNP-VI could not start active
.track. These procedures should be modified so-that under
these circumstances the down-range station may request per-
mission to track actively and the up~range station phase- to
it. This would probably have allowed Texas to start active
tracking at least one_mlinute earlier,

Next, the handovef instructions in (MNP)-Section VI
states that "During a VERLORT-to-VERLORT handover, both the
tracling and acquiring_radars wlll be locked in a PRF of 410,
and the tracking rgdar wlll be obligéted to coast through the
main bahg." Since the shortest time interval for paséing the
maln bang 1is aboué four seconds and could be as .long as one

minute, while the coasting capabllity of the radar 1s only

Db
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four seconds, the probablility that the capsule wlll be

lost during the coasting procedure 1s very high., Instead,

the operators should use the avallable modes of operatlon

to carry the radar through the maln bang. This would include
slaving thé radar to the acqulsition bus and using alded manual
tracking in range to posltlion antenna and range gate so as to
reacquire as soon as the pulse emerges from the main bang.

A better, but more expenslive, solutlion would be to'modify the

bounting chalns so that once a PRF 1s properly phased 1t con=~

tinues in that phase in spite of PRF changes, and then to
allow the radars to change PRF in the normal manner.

Finally, the procedure for checklng the range
ambligulty resoluticn needs modiflcation to insure proper range
tracking. This couid be done procedurally by assigning an
operator to this task and requiring a continuing check. Alter- ¥
natively, a minor equipment modificatlon could be made to gilve
the operator an unmistakable automatic alarm 1f the ambigulty
were Ilncorrectly resolved. Thls modification might consist
of an "and" gate, with inputs from (1) the range ambigulty
"brightener-pulse" and (2) the video output, to operate a
relay which would light an alarm light, ring a -bell, or,

.
i A T e L

preferably, edge-light the safety glass over the maln scope
with a colored light so that the presentation would become

colored 1f the range ambigulty were incorrectly resolved:

oy T
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The remalning poiiit 1s the reliability of the
encoders and the digltal-to-teletype converters. The cause

of the fallure at TEX should he determined and eliminated.

If the repc- ts of the faillure being due to a defective strobe

light prove to be true, this possibly could be rectified by
providiné two lights in parallel, each strong enough to
triggér the pulse generating clrcuits.

Thls analysis has shown that a post-flight analysis
of the tracklng data, in conjunction with the theoretical
pointing data, 1s a useful method of analyzlng the performance
of the radars at Mercury sites. It 1s recommended that this

analysis be made for all sites.

D-6
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APPENDIX E
Analysis of Radar Data Transmitted From FEglin During NCG-444

The EGL FPS-16 radar suppllied very good tracking
data. The MPQ-31 radar had a defective transmitter, and
was only able Lo track passively. Figure 7-1 shows the
value of azimuth, elevation and range sent to GSFC by the
FPS-16 radar at EGL. This information was used by the
computer to obtain a very accurate impact point prediction.

EGL did not start tracking the capsule untlil near
the time of closest approach. This delay is ascribsd to
the lack of a well-defined handover procedure with the .S
FPS~-16. The start of automatic tracking by the EGL FPS-16
was reported to be at 15:39:17 GMT, and loss of signal at
15:41:15 GMT. However, the Vélid data blt remained 1n the
data frames transmitted to GSFC until 15:41:48 GMT. It is
apparent from Figﬁre 7-1 that the data received at GSPC
actually were invalid from LOS and that the computer recelved
several frames of data which should not have been used,
Since fhe predicted impact polnt was so close tc the actual
impact point, 1t appears that the computer program rejected
most of these last frames, .

It 18 intended that the valld data blt should drop
cut autometically when range track is lost, This obviously
aid not happen at EGL. One posslble explangtion for the

malfunction 1s that the assoclated relay may not have been

E-1
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correctly adjusted, and 4id not drop out at L0OS. Another
poséibility is thar the mechanical decoder stop was reached
before the capsule signal was lost. The LOS was reported by
EGL to be at the end of the range gear train at maximum
range. If 1t 1s possibie for the capsule signal to stay In
the-range gate beyond this rangé, the valid signal could
remain but the range decoder would be unable to a&vanee.

The range print-out indicate§ that the range remained
essentially constant after LOS. It is recommended that the
exact cause of this malfunctlon be determined. if the
latter possiblility should be correct, the valid signal logic
sh;uld be changed to operétg off the mechanical stops as

well as the automatic track signal,

E-2
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APPENDIX F

TTY MESSAGE SUMMARY REPORT

MISSION NO, - SITE DATE
Rec'd.
First Msg. | Circuit | Second | Time
DTG . |To |From | Type Used DTG Stamp Remarks
1 \ B
g TRl - )





